(CA Venetis).
Introduction
Congenital uterine anomalies (CUA) represent a significant concern for most reproductive specialists, as it has been suggested that their presence is associated with adverse reproductive outcomes. The prevalence of CUA has been reported to vary, depending on the population and the diagnostic technique used (Chan et al., 2011b; Grimbizis et al., 2001; Saravelos et al., 2008a) ; in the general population, CUA have been shown to affect 4.3-6.7% of the population, in the infertile population, the prevalence of CUA has been estimated to range between 3.4% and 8.0% and, in women characterized as 'recurrent aborters', this figure has been reported to be 12.6-18.2% (Chan et al., 2011b; Grimbizis et al., 2001; Saravelos et al., 2008a) .
Whether the presence of CUA affects the reproductive potential of the patient is still considered by many debatable. Different subtypes of uterine anomalies have been reported to be associated with the probability of pregnancy achievement, both in natural (Acien, 1993; Shuiqing et al., 2002; Sugiura-Ogasawara et al., 2010; Woelfer et al., 2001 ) and assisted reproductive cycles (Jayaprakasan et al., 2011; Tomazevic et al., 2009) . Furthermore, certain types of CUA have been suggested to negatively affect the evolution of pregnancy, by means of an increased first-or second-trimester spontaneous abortion rate (Acien, 1993; Jayaprakasan et al., 2011; Saravelos et al., 2010; Sorensen and Trauelsen, 1987; Woelfer et al., 2001; Zlopasa et al., 2007) . Equally important is the fact that the presence of CUA has also been associated by many researchers with poor obstetric outcomes (Acien, 1993; Cooney et al., 1997; Hua et al., 2011; Woelfer et al., 2001; Zhang et al., 2010; Zlopasa et al., 2007) .
At the same time, the effectiveness of treating congenital uterine anomalies is still questionable. Even minimally invasive procedures, such as the hysteroscopic resection of a septum, are not universally accepted as effective treatments in reversing a possible adverse reproductive effect. Several studies, however, albeit not of high quality, suggest that these procedures may improve pregnancy rates in infertile patients (Colacurci et al., 1996; Lavergne et al., 1996; Mollo et al., 2009; Pabuccu and Gomel, 2004; Pabuccu et al., 1995; Perino et al., 1987) . As far as pregnancy outcome and obstetric complications are concerned, although correction of uterine septa is strongly associated with decreased abortion rates and preterm delivery rates (Fedele et al., 1993; Grimbizis et al., 1998 Grimbizis et al., , 2001 Perino et al., 1987; Shuiqing et al., 2002; Tomazevic et al., 2007) , some investigators have suggested that surgical correction should be reserved only for specific cases (Acien, 1993; Pang et al., 2011) .
The first attempt to systematically summarize the existing literature in this field was by our group in 2001 (Grimbizis et al., 2001) . That review indicated the potential clinical implications of CUA, although a meta-analytic pooling of the data from the individual studies was not conducted. A metaanalysis was subsequently published in 2011 suggesting that the presence of certain types of CUA is associated with reduced clinical pregnancy rates, increased spontaneous abortion rates and preterm delivery rates, as well as increased probability of malpresentation at delivery in the general population (Chan et al., 2011a) . Several clinical questions, however, still remain unanswered. The effect of CUA on infertile patients and patients experiencing recurrent spontaneous abortions has not yet been assessed and, debate is ongoing on the management of patients with this type of anomaly and whether or not these should be treated.
Considering the importance of this issue, an updated critical reappraisal of the available data is warranted to furnish the clinician with an up-to-date summary of answers to important clinical questions, and also enhance the awareness regarding the level of the existing evidence according to the principles of evidence-based medicine. At the same time, a re-evaluation of the published data can identify gaps in the relevant literature and may provide clinicians with future research objectives.
In this systematic review and meta-analysis, a holistic approach was used to gain a better insight into the clinical implications of CUA and the potential benefit of their treatment. For this purpose, the existing literature has been critically reviewed and an exhaustive updated meta-analysis has been carried out with the aim of providing answers to the following relevant clinical questions: is the presence of CUA associated with the probability of conception in a natural or an assisted reproductive technologies cycle? Is the presence of CUA associated with the evolution of pregnancy (in terms of spontaneous abortion rates)? Is the obstetric outcome different between pregnant women with CUA and women with a normal uterus? Is the hysteroscopic treatment of a septate uterus associated with a clinical benefit in terms of reproductive outcome?
Materials and methods

Sources
A computerized literature search in Pubmed, Scopus and Cochrane CENTRAL covering the period until December 2012 was independently conducted by two reviewers (CAV and SPP) either with the use of the MeSH term 'uterus/abnormalities' (Pubmed and Cochrane CENTRAL) or with a combination of the free-text terms 'uter*', 'muller*', 'anomal*', 'abnormal*', 'malform*' and 'congenit*'. The aim of this search was to identify studies that evaluated the aforementioned research questions.
Study selection
Only comparative studies were considered eligible for this review; case reports or case series were excluded. Studies had to compare women with CUA and women with a normal uterus, and provide data on the probability of pregnancy achievement, spontaneous abortion rates and obstetric outcome. Furthermore, all studies comparing women treated hysteroscopically for uterine septum with women not treated, were also considered for this review. Studies with outcome data in the same women before and after treatment were excluded. Also, studies analysing women with uterine hypoplasia or agenesis and women with T-shaped uterus were not considered for this systematic review. Studies with overlapping data were excluded, unless it was feasible to extract nonoverlapping data. Selection of the studies was carried out independently by two of the reviewers (CAV and SPP). Any disagreement was resolved by discussion with a third reviewer (GFG).
Data extraction
Data extraction was carried out independently by two of the reviewers (CAV and SPP). The following data were recorded from each of the eligible studies: demographic (citation data, country, study period, number of patients included), methodological (retrospective, prospective, cohort or not), population of the study (regarding both the 'cases' and 'control' groups), uterine anomalies evaluated and mode of diagnosis. Any disagreement between the two reviewers responsible for data extraction was resolved by discussion with a third reviewer (GFG).
Outcomes
The main outcome measures used in this meta-analysis were a-priori determined, depending on the research question evaluated. More specifically, the effect of CUA on the probability of conception (either spontaneous or after assisted reproductive technology), was examined by using pregnancy rate per patient. The effect of CUA on the evolution of pregnancy was evaluated by using first-trimester spontaneous abortion rates, second-trimester spontaneous abortion rates, or both, as outcome measures. The association of the presence of CUA with the obstetric outcome was assessed by examining preterm delivery rates. For this last question, the following secondary outcome measures was evaluated: premature delivery rates; neonatal birth weight; preeclampsia rates; placental abruption rates; intrauterine growth restriction (IUGR) rates; premature rupture of membranes rates; and perinatal mortality rates. Whenever possible, data extraction was carried out per CUA subtype and overall. American Fertility Society (AFS) classification (1988) was used as the basis for the categorization of the CUA, as it is the most popular system used to date and also was the classification used in most of the studies analysed. Studies in which a septate was further classified as 'complete', 'partial', 'large' or 'small' were all included under the common AFS classification 'septated uterus' (Class V). The reason for this was that the AFS classification system did not have a clear definition, nor did it have a universally accepted definition of what is a 'partial' or 'small' septum. Furthermore, the potential clinical implications of arcuate uteri were also evaluated given that this is also considered a type of CUA (Class VI). Finally, the potential beneficial effect of the hysteroscopic resection of a septum was evaluated by comparing first spontaneous abortion rates (first or second trimester) and, second, the probability of pregnancy achievement and the probability of preterm labour in women treated compared with those not treated.
Quantitative data synthesis
The dichotomous data results for each of the eligible for metaanalysis studies were expressed as relative risks (RR) with 95% confidence intervals (CI). This measure was selected on the basis of its clinical interpretability. The random effects model was used to pool the data of the individual studies (DerSimonian and Laird, 1986) . All results were combined for meta-analysis with Revman Software (Version 5.1. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2011). Study-to-study variation (statistical heterogeneity) was assessed by using the chi-squared statistic and the I-squared index (≥50% indicating substantial heterogeneity). Furthermore, differences between subgroups (e.g. types of CUA) were also compared. Statistical significance was set at P ≤ 0.05.
Quality assessment of the eligible studies
The quality of the eligible studies was assessed with the use of a Newcastle-Ottawa scale (Wells et al., 2000) that was adapted by CAV and GFG for the specific research questions and the data analysed (Supplementary Table S1 ). A sensitivity analysis that excluded studies of low quality, as assessed by this scale, was also performed (where applicable) to test the robustness of the results obtained.
Subgroup analyses
Subgroup analyses according to the type of CUA or the population analysed in each study (infertile population, women who have experienced recurrent spontansoua abortions, nonspecific group of patients) were carried out in an exploratory fashion to investigate a potential differential effect of the presence of CUA in these subpopulations.
Results
Systematic review
The literature search yielded 7166 publications in total. The titles of these manuscripts were screened, resulting in 103 studies considered potentially eligible to be included in the review. Of the total of 103 potentially relevant manuscripts identified, 65 studies were excluded after the examination of the abstracts and 38 studies were further evaluated by retrieving the full text. Finally, after the exclusion of 13 studies, 25 studies were included in the present systematic review and meta-analysis (Acien, 1993; Ban-Frangez et al., 2009; Ben-Rafael et al., 1991; Cooney et al., 1997; Erez et al., 2007; Heinonen, 1997; Hua et al., 2011; Jayaprakasan et al., 2011; Lavergne et al., 1996; Liang and Hu, 2010; Lin et al., 2009; Munoz Munoz et al., 2011; Pang et al., 2011; Ravasia et al., 1999; Saravelos et al., 2010; Shuiqing et al., 2002; Sorensen and Trauelsen, 1987; Sugiura-Ogasawara et al., 2010; Tomazevic et al., 2010; Tonguc et al., 2011; Valli et al., 2004; Woelfer et al., 2001; Zhang et al., 2010; Zlopasa et al., 2007; Zupi et al., 1996) (Figure 1) . Characteristics of the studies included in the systematic review are presented in Table 1 .
The eligible studies were published between 1987 and 2011, and only four studies were prospective in design, whereas the remaining 21 were retrospective studies. Out of the 21 retrospective studies, in only four it was reported that a matching procedure had been used to minimize imbalances between cases and controls Cooney et al., 1997; Heinonen, 1997; Tomazevic et al., 2010) . The population investigated was variable depending on the research question evaluated in each study ( Table 1) . Therefore, certain studies evaluated the clinical implications of CUA in specific subpopulations, such as infertile patients (n = 7) or recurrent aborters (n = 3), whereas others did not (n = 11). Similarly, the potential beneficial effect of hysteroscopic septum resection was also evaluated in infertile patients (n = 2), in women who have experienced recurrent abortions (n = 2) and in unselected population (n = 2). Some studies included two subpopulations of patients, such as the study by Ben-Rafael et al. (1991) , which examined the effect on CUA in infertile patients and patients who experienced recurrent spontaneous abortions, and the study by Pang et al. (2011) , which investigated the value of hysteroscopic removal of septum in women who had experienced recurrent spontaneous abortion and women with no history of poor reproductive outcome.
Certain studies included women with a specific subtype of CUA, whereas others included a wider spectrum of CUA ( Table 1 ). The method of diagnosis of the CUA also varied between studies. Hysterosalpingography alone was used in two studies, three dimensional ultrasound alone was used in three studies, hysteroscopy alone in two studies and previous surgical records, also, in one study. In the remaining studies multiple methods to screen for, and confirm, the presence of CUA were used, whereas this information was not provided in four studies ( Table 1) . Last but not least, the classification system or the method used in each study for the definition of the various types of CUA was also variable, although more than one-half of the eligible studies used the classification of the AFS (American Fertility Society, 1988) .
Most studies were of acceptable quality, although five studies (Acien, 1993; Ben-Rafael et al., 1991; Munoz Munoz et al., 2011; Shuiqing et al., 2002; Sorensen and Trauelsen, 1987) were considered to be of low quality, based on the Newcastle-Ottawa Scale, which was specifically adapted for the current systematic review and meta-analysis (Supplementary Table S1 ).
Meta-analysis
Achievement of pregnancy
Natural cycles. In women with arcuate (RR 0.93, 95% CI 0.70 to 1.24; two studies), didelphys (RR 0.94, 95% CI 0.83 to 1.07; two studies), unicornuate (RR 0.85, 95% CI 0.68 to 1.07; two studies) and bicornuate (RR 0.95, 95% CI 0.89 to 1.02; two studies) uterus the probability of pregnancy in natural cycles was not significantly different from the controls. In women with septated uterus, however, the probability of pregnancy was significantly decreased compared with normal controls (RR 0.86, 95% CI 0.77 to 0.96; three studies). The difference in the observed pooled effect sizes between the various types of CUA was not statistically significant. According to the criteria of Jarcho (1946), Buttram and Gibbons (1979) Ultrasound but confirmed with surgery (n = 11), hysteroscopy (n = 1), second look ultrasound (n = 6).
Not reported.
(continued on next page) (continued on next page) According to Buttram and Gibbons (1979 (continued on next page) When all the CUA were combined, then no significant differences in the probability of spontaneous pregnancy in women with or without CUA were detected (RR 0.96, 95% 0.89 to 1.04; heterogeneity: P = 0.02, I 2 = 69%) (Figure 2a) . The exclusion of the studies of low quality did not materially change this result (RR 1.02, 95% CI 0.97 to 1.07).
Assisted reproductive techniques cycles. In women undergoing assisted reproductive techniques cycles, no statistically significant difference was observed in the probability of pregnancy achievement per embryo transfer between women with or without arcuate (RR 1.26, 95% CI 0.98 to 1.61; 1 study), septated (RR 0.89, 95% CI 0.24 to 3.29; two studies), unicornuate (RR 1.15, 95% CI 0.29 to 4.63; 1 study) and bicornuate uterus (RR 1.73, 95% CI 0.77 to 3.8; one study). The difference in the observed pooled effect sizes between the various types of CUA was not statistically significant.
Moreover, when all the data were combined, regardless of type of CUA, no significant difference in the probability of pregnancy after assisted reproductive techniques was detected between women with or without CUA (RR 0.66, 95% 0.37 to 1.19; heterogeneity: P < 0.00001, I 2 = 92%; four studies) (Figure 2b) . The exclusion of a study (Munoz Munoz et al., 2011) that was graded as being of low quality did not materially change the results obtained (RR 0.69, 95% CI 0.30 to 1.57). Overall. When all the studies analysing natural and assisted reproduction techniques cycles cycles were pooled, then the probability of pregnancy achievement (either spontaneously or after assisted reproduction techniques) in patients with CUA was significantly (P = 0.05) decreased compared with normal controls (RR 0.85, 95% CI 0.73 to 1.00; heterogeneity: P < 0.00001, I 2 = 91%) (Figure 2c) . The exclusion of three low-quality studies (Acien, 1993; Munoz Munoz et al., 2011; Shuiqing et al., 2002 ) yielded a similar effect size, which was not, however, statistically significant (RR 0.87, 95% CI 0.68 to 1.11). Furthermore, when comparing the pooled effect sizes of the two subgroups (natural cycles [non-infertile population] versus assisted reproduction techniques cycles [infertile population]), no statistically significant difference was detected.
Sponanteous abortion
First-trimester spontaneous abortion The probability of spontaneous abortion during the first trimester was not significantly different between women with arcuate (RR 1.22, 95% CI 0.87 to 1.72; heterogeneity: I 2 = 50%; six studies), didelphys (RR 1.13, 95% CI 0.45 to 2.86; heterogeneity: P = 0.02, I 2 = 68%; four studies) and unicornuate uterus (RR 1.38, 95% CI 0.83 to 2.28; heterogeneity: I 2 = 0%; five studies) and the normal controls. Women, however, with septated (RR 2.65, 95% CI 1.39 to 5.06; heterogeneity: P < 0.00001, I 2 = 93%; six studies) and bicornuate uterus (RR 2.32, 95% CI 1.05 to 5.13; heterogeneity: P < 0.00001, I 2 = 87%) had a significantly increased probability of first-trimester spontaneous abortion compared with their controls. The difference in the observed pooled effect sizes between the various types of CUA was not statistically significant.
When all available data on the association of CUA with firsttrimester spontaneous abortion rates were used (irrespective of the type of CUA), a statistically significant increase in the probability of first-trimester spontaneous abortion was present in women with CUA (RR 1.56, 95% CI 1.17 to 2.08; heterogeneity P < 0.00001, I 2 = 82%; nine studies) (Figure 3a) . A sensitivity analysis, in which low-quality studies were excluded, yielded similar results (RR 1.45, 95% CI 1.07 to 1.94).
A subgroup analysis according to the type of population is presented in Table 2 . According to this analysis, the effect sizes were significantly different (P = 0.006) in the various subgroups with the larger ones deriving from studies carried out in non-specific populations, and the most modest one in the study carried out among women who had experienced recurrent spontaneous abortions.
Second-trimester spontaneous abortion
The probability of spontaneous abortion during the second trimester was not significantly different between women with didelphys (RR 1.71, 95% CI 0.63 to 4.59; heterogeneity I 2 = 0%; four studies) and unicornuate uterus (RR 2.27, 95% CI 0.64 to 7.96; heterogeneity I 2 = 0%; four studies) and their controls. On the other hand, women with arcuate (RR 1.98, 95% CI 1.06 to 3.69; heterogeneity: I 2 = 10%; five studies), septated (RR 2.95, 95% CI 1.51 to 5.77; heterogeneity I 2 = 39%; five studies) and bicornuate uterus (RR 2.90, 95% CI 1.56 to 5.41; heterogeneity I 2 = 0%; four studies) had a statistically significant increased probability for second-trimester spontaneous abortion compared with their controls. The difference in the observed pooled effect sizes between the various types of CUA was not statistically significant. When all available data on the association of CUA with second-trimester spontaneous abortion rates were used (irrespective of the type of CUA), a statistically significant increase in the probability of second-trimester spontaneous abortion was present in women with CUA (RR 2.31, 95% CI 1.63 to 3.27; heterogeneity I 2 = 0%; six studies) (Figure 3b) . The exclusion of low-quality studies did not substantially alter these results (RR 2.26, 95% CI 1.55 to 3.28).
A subgroup analysis according to the type of population is presented in Table 2 , and suggests that the effect sizes were not significantly different.
Combined spontaneous abortion risk
When all the data for spontaeous abortions were combined (first trimester, second trimester, or both), it was shown that the risk for spontaneous abortion was not significantly different between women with arcuate (RR 2.03, 95% CI 0.96 to 4.29; heterogeneity P = 0.0003, I 2 = 81%; five studies) and didelphys uterus (RR 1.17, 95% CI 0.38 to 3.66; heterogeneity P = 0.04, I 2 = 68%; three studies). On the other hand, women with septated (RR 2.81, 95% CI 2.13 to 3.71; heterogeneity: P = 0.33, I 2 = 14%; six studies), bicornuate (RR 2.40, 95% CI 1.42 to 4.08; heterogeneity P = 0.02, I 2 = 67%; five studies) and unicornuate uterus (RR 2.10, 95% CI 1.12 to 3.94; heterogeneity: P = 0.82, I 2 = 0%; four studies) were shown to have an increased risk of spontaneous abortion compared with their controls. The difference in the observed pooled effect sizes between the various types of CUA was not statistically significant.
When the available data on all the CUA were pooled, then the probability of spontaneous abortion in women with CUA was confirmed to be higher compared with the controls (RR 1.68, 95% CI 1.31 to 2.15; heterogeneity P < 0.00001, I 2 = 89%; 14 studies) (Figure 3c ). This was also the case when lowquality studies were excluded (RR 1.81, 95% CI 1.29 to 2.52).
A subgroup analysis according to the type of population is presented in Table 2 . According to this analysis, the effect sizes were significantly different (P = 0.001) in the various subgroups, with the larger ones deriving from studies performed in non-specific populations and the most modest one in the study performed in recurrent aborters.
Obstetric outcome
Preterm deliveries less than 37 weeks All types of CUA individually and combined seemed to be associated with statistically increased risk of a delivery before the completion of the 37th gestational week compared with the controls (Table 3 ). In the case of women with arcuate uterus, the difference was marginally not significant (RR 2.04, 95% CI 0.99 to 4.19). The difference in the pooled effect sizes between the various types of CUA was not statistically significant.
By pooling the data from all CUA, it was shown that the probability of preterm labour (<37 weeks) was significantly higher in women with CUA compared with women without CUA Figure 3 Forest plots for relative risk of (a) first-trimester spontaneous abortion; (b) second-trimester spontaneous abortion; and (c) first-trimester, second-trimester spontaneous abortion, or both, when all the available data for congenital uterine anomalies are pooled. CUA, congenital uterine anomalies. (RR 2.21, 95% CI 1.59 to 3.08). Excluding studies of low quality did not materially alter these results (RR 2.12, 95% CI 1.37 to 3.29). A subgroup analysis according to the type of population, indicating that the effect sizes were not significantly different, is presented in Table 2 .
Premature delivery less than 34 weeks Data for preterm deliveries below the 34th gestational week were limited (Table 3) . Women with an arcuate uterus presented no statistically significant increase in the probability of premature delivery at less than 34 gestational weeks. When the data that were available for all types of CUA were combined (including data from studies that did not provide an analysis per type of CUA), a significantly higher risk for premature delivery at less than 34 gestational weeks was present (RR 3.81, 95% CI 1.48 to 9.83) in women with CUA compared with the controls. The exclusion of one low-quality study (Sorensen and Trauelsen, 1987) produced an even more pronounced effect (RR 4.90, 95% CI 3.52 to 6.84). A subgroup analysis according to the type of population is presented in Table 2 .
Premature delivery less than 28 weeks
An increased risk for premature delivery at less than 28 weeks of gestation was suggested for all types of CUA ( Table 3) . This effect, however, was significant only for women with bicornuate uterus (RR 5.37, 95% CI 1.53 to 18.80). The difference in the observed pooled effect sizes between the various types of CUA was not statistically significant. Furthermore, when all available data were combined, women with CUA were shown to be at an increased risk for premature delivery at less than 28 gestational weeks compared with the control group (RR 2.84, 95% CI 1.52 to 5.31). A sensitivity analysis conducted with the exclusion of two lowquality studies, resulted in an even larger effect size, with wider confidence intervals (RR 4.84, 95% CI 1.44 to 16.21).
Malpresentation at delivery
All types of CUA individually and combined seemed to be associated with statistically increased risk of malpresentation (e.g. breech, transverse, or both) at delivery compared with women without CUA, with the largest effect sizes being present in women with septated (RR 4.35, 95% CI 2.52 to 7.50) and bicornuate uterus (RR 4.65, 95% CI 3.43 to 6.32) ( Table 3) . The difference in the observed pooled effect sizes between the various types of CUA was statistically significant (P = 0.01). Further analysis suggested that the effect sizes seemed to be similar between the arcuate, unicornuate and didelphys groups and also between septated and bicornuate uterus.
Not unexpectedly, when all available data were combined, the association of the presence of CUA with an increased risk of malpresentation at delivery was confirmed (RR 4.75, 95% CI 3.29 to 6.84) ( Table 3 ). The exclusion of four low-quality studies resulted in similar results (RR 5.60, 95% CI 3.55 to 8.84) . A subgroup analysis according to the type of population, indicated that the effect sizes were not significantly different ( Table 2) .
Birth weight less than 2500 g Women with an arcuate or septated uterus did not seem to have a statistically increased risk for a neonatal birth weight of less than 2500 g ( Table 3 ). In women with didelphys, however (RR 2.40, 95% CI 1.40 to 4.11), bicornuate (RR 1.74, 95% CI 1.13 to 2.69) and unicornuate uterus (RR 3.54, 95% CI 2.22 to 5.64), a significantly higher probability of giving birth to neonates with birth weight less than 2500 g was present compared with the controls. The difference in the observed pooled effect sizes between the various types of CUA was marginally not statistically significant. Further secondary analysis suggested similar effect sizes in women with didelphys uterus and unicornuate uterus and in women with arcuate, septated and bicornuate uterus.
When all the CUA were combined, then a statistically increased risk for low (<2500 g) birth weight neonates was shown for women with, compared with those without CUA (RR 1.93, 95% CI 1.50 to 2.49). A subgroup analysis per type of population analysed was not feasible, as all the studies were carried out at the same type ( Table 2) .
Birth weight less than 1500 g
In women giving birth, no statistically significant association was detected between the presence of an arcuate, septated, didelphys or unicornuate uterus and the probability of very low neonatal birth weight (<1500 g) ( Table 3) . Women with a bicornuate uterus were shown to be at an increased risk for very low neonatal birth weight compared with their controls (RR 2.78, 95% CI 1.16 to 6.69). The difference in the observed pooled effect sizes between the various types of CUA was not statistically significant.
When all the available data were combined, it was suggested that women with CUA are at an increased risk of giving birth to a baby with very low birth weight (RR: 2.07, 95% CI 1.10 to 3.88). A subgroup analysis per type of population analysed was not feasible, as all the studies were performed in the same type ( Table 2) .
Intrauterine growth restriction
An association between the presence of CUA and the probability of intrauterine growth restriction was suggested in all types of CUA (Table 3 ), yet this difference was statistically significant only in women with septated (RR 2.54, 95% CI 1.04 to 6.23), bicornuate (RR 2.80, 95% CI 1.06 to 7.34) and didelphys uterus (RR 4.94, 95% CI 2.20 to 11.09). The difference in the observed pooled effect sizes between the various types of CUA was not statistically significant.
When all the CUA were combined, then the observed difference regarding the probability of IUGR was not statistically significant (RR 3.17, 95% CI 0.89 to 11.24). A sensitivity analysis in which the study by Acien (1993) was excluded, led to the analysis of relevant data from a single study (Zlopasa et al., 2007) which suggested a statistically significant increase in the probability of IUGR in women with CUA as compared with women without CUA (RR 5.63, 95% CI 2.65 to 11.99). A subgroup analysis per type of population analysed was not feasible, as all the studies were conducted in the same type ( Table 2) .
Placental abruption
Women with an arcuate (RR 6.60, 95% CI 2.35 to 18.53) and septated (RR 4.37, 95% CI 1.12 to 17.08) uterus presented a statistically significant difference in the probability of placental abruption compared with the controls. On the other hand women with didelphys, bicornuate and unicornuate uterus had a non-significantly increased risk of placenta abruption during pregnancy ( Table 3) . The difference in the observed pooled effect sizes between the various types of CUA was not statistically significant.
When all the CUA were combined, then significant differences in the probability of placental abruption in women with CUA were detected (RR 2.47, 95% CI 1.28 to 4.77). The exclusion of a study of low quality did not materially change the results obtained (RR 2.66, 95% CI 1.36 to 5.23). A subgroup analysis according to the type of population is presented in Table 2 .
Premature rupture of membranes Premature rupture of membranes was not significantly associated with the presence of a certain type of CUA (Table 3 ) and no significant difference was observed between the pooled effect sizes of the various types of CUA. Similarly, when all the available data on this outcome measure were combined, no association was detected with the presence of CUAs. A sensitivity analysis conducted with the exclusion of lowquality studies yielded similar results (RR 1.89, 95% CI 0.79 to 4.49).
Perinatal mortality
Women with a septated uterus (RR 2.43, 95% CI 1.10 to 5.36) or a bicornuate uterus (RR 3.32, 95% CI 1.61 to 6.86) were shown to have a significantly increased risk for perinatal mortality compared with the controls (Table 3 ). In the groups of arcuate, didelphys and unicornuate uterus, the relative risk for perinatal mortality was increased; however, this increase was not statistically significant. No significant difference was observed in the pooled effect sizes between the various types of CUA.
When all the CUA were combined, the overall risk for perinatal mortality in women with CUA was higher than in women without CUA (RR 2.43, 95% CI 1.34 to 4.42). When only the two studies of acceptable quality were pooled, however (Zhang et al., 2010; Zlopasa et al., 2007) , the observed difference was no longer statistically significant (RR 1.98, 95% CI 0.44 to 9.02). A subgroup analysis according to the type of population suggesting that the effect sizes were not significantly different is presented in Table 2 .
The effect of hysteroscopic resection of the septum Achievement of pregnancy Data on the effect of hysteroscopic treatment of a uterine septum on the probability of pregnancy achievement were limited. Three studies offered relevant data, two of which in women with recurrent abortions (Pang et al., 2011; Valli et al., 2004) and one in women with unexplained infertility (Tonguc et al., 2011) . In the study of Pang et al. (2011) , data were also provided in women with no history of poor reproductive outcome. When these data were combined, no significant association between hysteroscopic treatment of a uterine septum and the probability of pregnancy achievement was detected (RR 1.14, 95% CI 0.79 to 1.65; heterogeneity P = 0.002, I 2 = 80%; four datasets) (Figure 4a) . The subgroup analysis according to the type of population did not detect a significant difference among subgroups ( Table 2) .
First-trimester or second-trimester spontaneous abortion
None of the eligible studies provided data on the effect of hysteroscopic treatment of septa on the probability of firstor second-trimester spontaneous abortion.
Spontaneous first-trimester or second-trimester spontaneous abortion or both combined)
Five studies offered data about the association of hysteroscopic septotomy and the probability of spontaneous abortion in general (Heinonen, 1997; Lin et al., 2009; Pang et al., 2011; Tonguc et al., 2011; Valli et al., 2004) . On the basis of the meta-analytic pooling of these studies, women who underwent hysteroscopic septotomy had a significantly decreased probability of spontaneous abortion compared with women who did not undergo treatment (RR 0.37, 95% CI 0.25 to 0.55; heterogeneity I 2 = 0%; six datasets) (Figure 4b) . A subgroup analysis according to the type of population, indicating that the effect sizes were not significantly different, is presented in Table 2 .
Preterm labour less than 37 weeks
Five studies (Heinonen, 1997; Lin et al., 2009; Pang et al., 2011; Tonguc et al., 2011; Valli et al., 2004 ) offered relevant data, which, when pooled, suggested a decreased, yet not significantly so, probability of preterm labour in women who had been treated with hysteroscopic resection of the septum compared with women who had not been treated Figure 4 Forest plots for the effect of hysteroscopic resection of a septum on the probability of (a) pregnancy achievement; (b) spontaneous abortion; and (c) preterm labour (<37 weeks).
(RR 0.66, 95% CI 0.29 to 1.49; heterogeneity I 2 = 0%; six datasets) (Figure 4c) . The subgroup analysis per type of population analysed suggested the presence of not significantly different effect sizes across subgroups ( Table 2) .
Discussion Presentation of the main findings
This systematic review and meta-analysis highlights the importance of the presence of CUA in the reproductive performance of women. On the basis of the results of this systematic review, the presence of CUA is associated with a decreased, albeit not significantly so, probability of pregnancy achievement both in natural and in assisted reproductive techniques cycles. This finding reached statistical significance only when the two aforementioned groups of studies were combined.
It seems that the presence of CUA has important negative consequences on the ability of a woman to maintain her pregnancy. Especially in women with a septated or bicornuate uterus, a higher probability of spontaneous abortion is present even in the first trimester, whereas in women with arcuate, didelphys and unicornuate uterus the effect size is small and not statistically significant. During the second trimester of pregnancy, when the space requirements of the developing fetus are increased, it seems that the detrimental effect of the presence of CUA on maintaining the pregnancy is also more pronounced in all types of CUA. Similarly, CUAs that cause a greater deformity of the uterine cavity (e.g. septated and bicornuate uterus) are associated with a higher probability of spontaneous abortion during the second trimester.
Moreover, a clear association of the presence of CUA and adverse obstetric outcome is also suggested by this metaanalysis. Women with CUA seem to be in at increased risk of preterm or premature delivery and giving birth to a baby with low or very low birth weight. At the same time, the risk of malpresentation at delivery, which might seriously complicate labour, is also increased uniformly across all types of CUA. Most importantly, though, perinatal mortality seems to be almost 2.5-fold higher in women with CUA compared with women without CUA. This means that further to the increased probability of subfertility and spontaneous abortion, these women have also a higher risk of not having a take-home baby, despite giving birth.
A plausible biological mechanism linking the presence of CUA with an impaired reproductive potential (e.g. implantation failure, spontaneous abortion and impaired obstetrical outcome) of the women has not been yet established. Several hypotheses have been suggested to explain these findings. It has been supported that once the epithelial barrier has been overcome it may be that the uterine vasculature and stroma carry out a subsequent barrier or 'interrogative' functions towards the implanting conceptus (Crocker et al., 2005) . Thus, infertility and pregnancy losses in patients with uterine anomalies may be associated with abnormalities in the later vascular stages of implantation. Different vascular beds differ in receptivity to the invading trophoblast; uterine septum, uterine defective walls, or both, represent locations with alterations of endometrial vascularization indicating an impaired vascular bed (Dabirashrafi et al., 1995; Fedele et al., 1996) . Furthermore, differences in the structure of the uterine musculature could alter normal uterine contractility in some categories of CUA (e.g. septate and bicornuate uteri), whereas the decrease of endometrial cavity volume could be an important factor in others (e.g. unicornuate, didelphys uteri) (Mollo et al., 2009 ). Other, more sophisticated hypotheses, have also been suggested: the normal expression of HOX genes is important for the proper development of the female genital tract and also for the development of the endometrium, thus playing a major role in fertility (Taylor, 2000) . Hence, a disrupted expression of HOX genes might be the link between CUA and impaired fertility in these women. It is important to note that the accumulation of further relevant epidemiological data might elucidate the exact role of each type of uterine anomaly on reproductive potential of the woman, and enhance our understanding of the pathophysiology and the exact contribution of each proposed mechanism.
The value of the hysteroscopic removal of a uterine septum has also been examined in this review by analysing only comparative studies. It seems that the hysteroscopic removal of a uterine septum leads to a decreased probability of spontaneous abortion compared with women that are not treated. On the other hand, hysteroscopic removal of the septum does not lead to an increased probability of pregnancy achievement and delivering at term. The effect sizes observed in this analysis (that imply a beneficial effect), and the fact that both achievement of pregnancy and preterm delivery have been shown to be associated with the presence of a uterine septum, however, mandate the accumulation of further evidence to properly assess the value of hysteroscopic septotomy for these indications.
Strengths and weaknesses of the present review
Attempts to critically appraise the literature on this issue have been made in the past. Grimbizis et al. (2001) evaluated the studies that had been published up to that point, and concluded that the presence of CUA is associated with impaired pregnancy outcome. In 2011, a systematic review and metaanalysis examined nine comparative studies (n = 3850 patients in total) and concluded that CUA are associated with poor reproductive outcome (Chan et al., 2011a) . Our metaanalysis confirms these findings by evaluating the clinical implications of CUA through the assessment of a wider array of clinically relevant outcomes, such as preterm delivery, placental abruption, occurrence of IUGR, occurrence of low or very low birth weight, and perinatal mortality rates. In addition, the current systematic review evaluates the effect of CUA in additional specific subpopulations (i.e. infertile patients and those experiencing recurrent spontaneous abortions). As a result, this meta-analysis includes 25 comparative studies (3766 women with CUA and 160,070 patients in total), and thus provides an updated and more comprehensive evaluation of the available evidence. Moreover, the current metaanalysis assesses the potential benefit of hysteroscopic treatment of uterine septa by analysing only parallel comparative studies.
In this review, an attempt has been made to provide answers to clinically relevant questions on the implications of CUA by using an evidence-based approach. Combining the results of individual studies with the use of meta-analytic methodology increases the statistical power, while at the same time allows for a more robust estimation of the actual effect sizes. The inclusion and exclusion criteria were a-priori defined in such a way so that the best available evidence is analysed. Non-comparative studies and studies comparing before and after states in the same subjects were not analysed in this review, as they are known to lead to exaggerated effects (Eccles et al., 2003) .
At the same time, through exploratory subgroup analyses, hypotheses can be made about the presence of associations in specific types of CUA or types of population in larger sample sizes. Although, in most cases, effect sizes between the various types of CUA or types of population analysed in this review were not significantly different (Table 2) , it should be stressed that the limited number of studies might have not allowed observed differences in effect sizes to be statistically detected and, thus, further evidence is required before solid conclusions can be drawn about the associations of specific subtypes of CUA with specific clinical outcomes.
Besides the limited number of studies, however, this systematic review also highlights the significant heterogeneity present in the available studies. This might be attributed to the fact that the eligible studies analyse patients treated over a period of almost 50 years . In these studies, the population characteristics were variable, as well as the mode of diagnosis of CUA, which was suboptimal in some of them. Furthermore, variability was present in other characteristics of the eligible studies, such as the criteria used to classify an anomaly, the definition of the outcome measures and the period of follow-up. This heterogeneity should be taken into account when interpreting the results of this meta-analysis. For this reason, available data were analysed with the use of a random-effects model, which uses a conservative approach by acknowledging that the samples evaluated in the individual studies might not all originate from the same population. At the same time, the subgroup analyses conducted in this meta-analysis might give the reader some insight about the potential moderating effect of some of these characteristics on the observed effect sizes.
It should also be emphasized that, although the prevalence of CUA does not seem to be small (Chan et al., 2011b; Grimbizis et al., 2001; Saravelos et al., 2008a) , and their potential implications might be quite significant, even the best available evidence analysed in this review present methodological problems. Most of the available studies are retrospective in design, which is known to be prone to various sources of bias. Specific measures (e.g. matching procedures or multivariate analyses) against bias originating from known confounders (e.g. age, body mass index, smoking and socioeconomic status) were taken in a limited number of studies. The quality assessment conducted for the purpose of this meta-analysis suggested that most of the studies were of average quality, with only three out of 25 studies being graded as of high quality. Whether the methodological problems of the individual studies have biased the results cannot be assessed, although it might be considered reassuring that, in most cases, the exclusion of the low-quality studies did not materially alter the conclusions drawn. It should be made clear, however, that the shortcomings of the individual studies might affect the observed associations, and this should also be considered when interpreting the results of this systematic review and meta-analysis.
Regardless of the limitations of the individual studies, however, this systematic review critically appraises the available literature and summarizes the best available evidence on a topic that has been highly controversial for decades. Hence, the reader can be informed about the direction of the effect and the most likely answer to important clinical questions, and also, about the level of the existing evidence and the limitations of it. Although the absence of high-quality studies must be considered when interpreting the results of this systematic review, it should not serve as a rationale for ignoring the existing evidence, as by doing so treatment will continue to be mostly empirical.
Implications for clinical practice and future research
On the basis of the results of this systematic review, it seems that the presence of CUA has significant implications for the reproductive potential of women. Clinicians should be aware of these, and be alert for the presence of CUA, always supplementing, routine gynaecological examination of women with a two-dimensional ultrasound. When a CUA is suspected through the gynaecological examination or two-dimensional ultrasound, a confirmatory investigation might be warranted, depending on the patient's wish and her medical history. Non-invasive procedures (i.e. sonohysterography and three-dimensional ultrasound) with high accuracy (Saravelos et al., 2008b) are now available and can help the clinician in the diagnosis of CUA. If such a diagnosis is made, then the patient should be properly counselled and informed about potential risks and management options.
Most importantly though, it is clear that further research in this field is urgently needed. Apparently, a fundamental part of future research should be the criteria used to diagnose and classify these anomalies, which should be homogeneous. These criteria should reflect accumulated knowledge on the pathogenesis of CUA and they should be universally accepted. The recently published consensus from the European Society of Human Reproduction and Embryology and the European Society of Gynaecological Endoscopy on the classification of female genital tract congenital anomalies might provide clinicians and researchers with such criteria (Grimbizis et al., 2013a (Grimbizis et al., , 2013b . Moreover, the diagnosis of CUA should be made with highly accurate methods (Saravelos et al., 2008b) so that the internal validity of future studies and the homogeneity of patient population among them is increased.
The evaluation of the association between the presence of CUA and the probability of pregnancy requires a carefully selected population pursuing pregnancy and their proper observation over a sufficiently long follow-up period. Similarly, the investigation of the effect of CUA on spontaneous abortion rates and the obstetric outcome should be conducted through a well-designed, prospective observational study that will take into account potential confounders. Last but not least, high-quality evidence on the value of hysteroscopic removal of a uterine septum can be produced only through a sufficiently powered randomized controlled trial.
Conclusions
This systematic review and meta-analysis highlights the potential clinical importance of congenital uterine anomalies for the reproductive performance of women. It also emphasizes the significant gap in the literature of high-quality evidence, as most of the available studies are retrospective and do not adequately control for potential confounders. Further well-designed prospective studies are warranted to assess these associations with more confidence. Furthermore, it is clear that the value of the hysteroscopic removal of a uterine septum in improving reproductive outcome can be properly assessed only through a large randomized controlled trial.
Currently, the best available evidence suggests that the presence of certain types of CUA might be associated with a detrimental effect on the probability of pregnancy achievement, spontaneous abortion and on the obstetric outcome of each pregnancy. Furthermore, hysteroscopic removal of a septum seems to reduce the probability of a spontaneous abortion. These findings should be taken into account when deciding on the optimal management of patients with CUA.
